T he attempted resuscitation of a hospitalized patient is an emotionally charged event where a family must confront the possibility of a loved one's death. In the hope of addressing the needs of family members during resuscitation, many institutions have adopted policies that allow for family presence during resuscitation (FPDR). Recent evidence suggests that FPDR confers psychological benefits for family members present during arrests in both the out-of-hospital 1 and the in-hospital setting, 2 regardless of the treatment outcome. Furthermore, patients are proponents of having relatives at the bedside during resuscitation. 3, 4 As a result, a growing number of hospitals have begun to implement policies allowing for FPDR 5 with some demonstrating improvements in family member satisfaction surrounding the resuscitation event. 6 However, there remains uncertainty surrounding the safety of such policies during resuscitation. 7
risk of litigation in scenarios where clinical outcomes are often poor regardless of the quality of care received. 14, 15 Conversely, FPDR may have little effect on the process and outcomes of care, which would be important to understand given the welldocumented psychological benefits for family members.
Given the increasing importance of patient-centered care, universal implementation of FPDR policies is a compelling means to change the paradigm of resuscitation care. However, empirical evidence on how a hospital policy allowing for FPDR affects patterns and processes of care is needed to ensure its safety given the potential for unintended consequences, and to reassure hospital policymakers. To address this uncertainty, we analyzed a large cohort of patients participating in the largest national registry of in-hospital cardiac arrests. We hypothesized that hospitals with an FPDR policy would have similar processes and outcomes of care compared with those without this policy.
Methods

Data Source
Formerly known as the National Registry of Cardiopulmonary Resuscitation (NRCPR), the American Heart Association's (AHA) Get With The Guidelines-Resuscitation (GWTG-R) is a large, multicenter observational registry capturing in-hospital cardiac arrests at ≈600 hospitals across the United States. 16 Details of the database have been previously described. 17 Briefly, trained research personnel at participating hospitals prospectively collect information on consecutive patients with in-hospital cardiac arrests (including emergency departments), defined by the absence of a central palpable pulse, apnea, and unresponsiveness. Cases are identified by centralized collection of ≥1 of cardiac arrest flow sheets, reviews of hospital paging-system logs, routine checks for use of emergency equipment, and hospital billing charges for resuscitation medications. The registry uses precisely defined variables for uniform reporting of cardiac arrests developed by international experts (Utstein definitions). 18 Patients with a do-not-resuscitate order are excluded from the registry. Oversight for the entire process of data collection, analysis, and reporting is provided by the AHA, its National Center staff, the NRCPR/GWTG-R Scientific Advisory Board, and the AHA Executive Database Steering Committee.
Exposure Definition
GWTG-R collected information on FPDR policies on the 2006, 2008, and 2009 data collection forms. These forms asked, Does the hospital have a procedure or policy that allows for the presence of family members during resuscitations in any areas of the hospital? The 4 options given were No, Adult Resuscitations, Pediatric Resuscitations, and Newborn/Neonatal Resuscitations. Importantly, we did not measure whether individual patients had their families present at the time of resuscitation.
Study Population
Given that 2006 the first year the FPDR policy variable was collected, we focused our analysis on patients aged ≥18 years with arrests occurring between January 1, 2007 and September 24, 2010. Our initial sample included 69 936 at 474 hospitals. We excluded data where a hospital's policy for FPDR during adult resuscitations was missing or unknown (4400 at 150 hospitals).We then limited our sample to patients with complete clinical and demographic data, thereby excluding 14 912 patients at 67 hospitals with missing data on survival and neurological status at discharge, duration of resuscitation, discharge and admission date and time, age, race, interventions in place at the time of the arrest, interventions performed during the arrest, hospital characteristics, and illness category.
We excluded 6086 patients with an arrest because of rhythms other than pulseless ventricular tachycardia (VT), ventricular fibrillation (VF), pulseless electric activity, or asystole. We then excluded 2770 patients who experienced their arrest in procedure areas (delivery, cardiac catheterization, electrophysiology, and angiography suites), or whose location was unknown or missing at the time of their cardiac arrest. We excluded these patients because cardiac arrests that occur in areas, such as procedure suites are different from those arrests in hospitalized patients on general, telemetry, or intensive care units. Arrests in these areas are (1) typically procedure-specific (eg, transient VF during cardiac catheterization), (2) frequently have a distinct cause that can be reversed and treated immediately, and most importantly, and (3) in locations where family members are not typically present. Furthermore, they also often take place in areas where sterile technique or radiation safety play an important role for observers. These types of cardiac arrests, therefore, have substantially different patterns of care associated with them, and we feel it is inappropriate to lump them all together with arrests in hospitalized patients. We also excluded 200 patients with implantable cardioverter-defibrillators who had a VT/VF arrest, given that their arrest would probably be rapidly terminated by the implanted device and the outcomes of such arrest are independent of resuscitation efforts. Our final study sample consisted of 41 568 patients at 252 hospitals ( Figure) .
Study Outcomes
We evaluated primary and secondary outcomes aimed at characterizing the outcomes of resuscitation. Our primary outcomes included (1) return of spontaneous circulation (ROSC), defined as the restoration of a pulse for ≥20 minutes during the cardiac arrest and (2) survival to discharge. To address concerns about whether any observed changes in resuscitation efficacy associated with the FPDR policy may result in worse neurological status at the time of discharge, we also evaluated neurological outcomes among survivors by FDPR. Information on neurological status was obtained using cerebral performance categories: no major disability, moderate disability, severe disability, coma or vegetative state, and brain death. 19 Consistent with previous work, we categorized favorable neurological status among those surviving to hospital discharge as a cerebral performance category score of 1 or 2. 20
WHAT IS KNOWN
• Given the importance of patient-and family-centered care, many hospitals have been implementing policies allowing for family presence during resuscitation (FPDR). Notably, FPDR confers psychological benefits for family members present during arrests regardless of the treatment outcome. Furthermore, patients are proponents of having relatives at the bedside during resuscitation as well. • However, despite the purported benefits of FPDR, the overall safety of these policies and their effect on the processes and patterns of care during in-hospital arrests are unknown.
WHAT THE STUDY ADDS
• This study suggests that hospitals with an FPDR policy generally have no statistically significant differences in outcomes and processes of care as hospitals without this policy. • Overall, implementing FPDR policies may not negatively affect resuscitation care, but further work is needed to determine how actual FPDR directly affects resuscitation performance and outcomes.
To assess the direct effect of the presence or absence of an FPDR policy on the process and quality of care, we examined 3 broad categories of secondary outcomes. These included (1) the quality of the resuscitation, (2) the aggressiveness of the resuscitation, and (3) facility-reported potential resuscitation systems errors. To measure the quality of resuscitation, we examined 3 measures shown to correlate with improved survival after resuscitation: time to defibrillation; 21 receipt of chest compressions; 22, 23 and the hospital-level duration of attempted resuscitation in nonsurvivors. 24 We also evaluated the aggressiveness of the resuscitation by determining the percentage of patients who received any one of several intra-arrest pharmacological interventions in aggregate (amiodarone, lidocaine, dobutamine, dopamine, norepinephrine, phenylephrine, atropine, calcium chloride, IV fluid bolus, magnesium sulfate, and sodium bicarbonate), as well as each intervention separately. We also examined the percentage of patients who received any of several nonpharmacological therapies in aggregate (invasive airway, blood transfusion, central venous catheter, chest tube, echocardiogram, transcutaneous pacemaker, transvenous pacemaker, and pericardiocentesis), as well as each intervention separately. We recognized the fact that many patients may not have undergone a resuscitative effort long enough to receive certain interventions (particularly patients who achieved ROSC early). Therefore, as a sensitivity analysis, we examined interventions given to nonsurvivors, where the duration of resuscitation may have been extended before stopping the resuscitation ( Table I in the Data Supplement). We also examined the median number of shocks delivered to nonsurvivors for those arrests with a first recorded rhythm of VT/VF. Finally, we determined the frequency of several facility-reported potential resuscitation systems errors, both in aggregate as well as separately. On the basis of previous work, 25 these included potential errors related to alerting of the arrest, airway deployment, vascular access, chest compression quality, defibrillation, medications, code team leadership, Advanced Cardiac Life Support guideline adherence, and equipment. Of note, this variable has a large degree of missingness, as many facilities did not report the presence or absence of errors. As such, in this exploratory analysis, we reported only the data where the presence of the potential error was confirmed. Along with documenting the lack of an error, missing data were assumed to be the absence of an error.
Statistical Analyses
For baseline comparisons, we evaluated patient characteristics across hospitals by FPDR status using bivariate regression models. All analyses were conducted at the patient level and accounted for the within-hospital correlation in outcomes for patients treated in the same hospital using generalized estimation equations with an exchangeable correlation and robust variance estimates. 26 Because generalized estimation equation treats that within-hospital correlation as a nuisance parameter, it is most useful in estimating between-hospital effects. 27 Continuous variables were compared using linear regression, whereas categorical comparisons used logistic regression. To determine the association between FPDR and patients achieving ROSC, survival to discharge, and a favorable neurological status at discharge, we used multilevel Poisson regression models with hospital-specific, random intercepts. Because odds ratios generated from logistic regression may overestimate risk when the frequency of the outcome is high, we used Poisson regression to directly estimate risk-ratios for ROSC. 28 In multivariable analysis for both our primary and secondary outcomes, we adjusted for several patient-and hospital-level covariates that potentially confound the relationship between FPDR status and each outcome based on previous work. 29 Patient-specific variables included shockable initial pulseless rhythms (pulseless VT and VF), age, race (black and nonblack), sex, illness category (medical noncardiac, medical cardiac, surgical cardiac, surgical noncardiac and trauma, obstetric, and other); pre-existing conditions (none, myocardial infarction during hospitalization, hypotension/hypoperfusion, hepatic insufficiency, baseline depression in central nervous system function, acute stroke, infection or septicemia, metastatic or hematologic malignancy, diabetes mellitus, renal failure, and major trauma), interventions in place at the time of cardiac arrest (invasive airway, chest tube, assisted or mechanical ventilation, vasopressors, and vasodilators), monitoring with an arterial line, witnessed arrest, event location (intensive care unit and general floor/telemetry), and time from identification of pulselessness to the start of compressions. Hospital-level covariates included location, geographic region, bed size, ownership (nonprofit, state, church, local government, and VA/ military), residency/teaching status, member of a healthcare system, presence of an emergency department, and cardiac surgery service available. Results were presented as both unadjusted and adjusted analyses to demonstrate the effect of adjustment on the associations.
We used Stata version 12.1 (StataCorp, LP, College Station, TX) for all analyses and considered 2-sided P<0.05 as significant. As some have recommended in exploratory analyses, we chose not to adjust for multiple comparisons. 30, 31 The Institutional Review Board of the University of Washington reviewed the study protocol and determined that it was not considered Human Subjects Research.
Results
Baseline Characteristics
After applying exclusions, our sample consisted of 41 568 patients at 252 hospitals (Figure) . Of these, 13 470 patients were at 80 hospitals with a policy allowing for FPDR. There were no significant differences in hospital (Table 1) or patient characteristics ( Table 2) across hospitals with versus without an FPDR policy, including age, race, sex, location of the arrest, or pre-existing comorbidities.
Primary Outcomes
Overall, 57.6% (n=23 942) patients achieved ROSC and 17.6% (n=7301) survived to discharge. In unadjusted analyses, we observed a significant difference in the rate of ROSC (58.2% versus 55.8%; P=0.045) for patients in hospitals with versus without an FPDR policy, respectively. However, these differences in patient rates in hospitals with an FPDR did not persist on adjustment for patient and hospital characteristics ( Table 3 ). There were no significant differences in survival to discharge or survival to discharge with a favorable neurological status for patients in hospitals differing by FPDR policy in unadjusted or adjusted analyses. Finally, although patients with pulseless electric activity/asystole had a significantly higher rate of ROSC in FPDR hospitals (55.4% versus 52.6%; P=0.03), and a trend toward significance in survival to discharge (14.1% versus 12.6%; P=0.07), there were no differences in survival rates for shockable (VT/VF) or unshockable (asystole/pulseless electric activity) cardiac arrest rhythms after multivariable adjustment (Table II in 
Secondary Outcomes
Resuscitation Quality
Parameters assessing the quality of resuscitation are shown in Table 4 . We noted no significant difference in the proportion of patients receiving chest compressions between hospitals with and without FPDR. However, there was a small, but significant difference in the mean time to defibrillation, with slightly faster times in hospitals with a policy for FPDR (2.2 versus 2.5 minutes; P=0.03) that remained significant on adjusted analysis (P=0.05). There was a trend toward a significantly lower duration of resuscitation among nonsurvivors in hospitals with FPDR (risk-adjusted mean difference, 1.2 minutes; 95% confidence interval [CI], −0.11 to 2.6). Finally, there were no significant differences in the median number of shocks delivered or the percent of patients receiving compressions.
Resuscitation Interventions
There were no significant differences among the broad categories of pharmacological and nonpharmacological interventions delivered during the arrest between hospitals with and without a policy allowing for FPDR, in both unadjusted and adjusted analyses ( Table 5 ). On examination of each individual pharmacological interventions, administration of norepinephrine was greater at hospitals with FPDR (OR, 1.57; 95% CI, 1.18-2.08) and atropine was lower at hospitals with FPDR policies (OR, 0.88; 95% CI, 0.78-0.99) in adjusted analysis. Among nonpharmacological interventions, there were no differences by FPDR status in adjusted analysis (Table III in 
Potential Systems Resuscitation Errors
When pooling all categories of facility-reported potential resuscitation systems errors, adjusted analysis suggested that the policy for FPDR was not associated with an increase in errors (OR, 1.26; 95% CI, 0.81-1.96). However, examination of individual error groups suggested that FDPR was associated with more potential errors pertaining to vascular access and medications ( Table 6 ). Analysis of individual errors suggested that resuscitations in FPDR hospitals more often had greater delays in vascular access (OR, 1.87; 95% CI, 1.15-3.03), more often experienced IV infiltration or disconnection (OR, 1.74; 95% CI, 1.10-2.74), and had the wrong medication selected (OR, 2.56; 95% CI, 1.0-6.5). Furthermore, resuscitations in FPDR hospitals more often had a delay in airway insertion (OR, 2.11; 95% CI, 1.06-4.20) and personnel issue causing a defibrillation delay >2 minutes (OR, 9.07; 95% CI, 1.89-43.6; Table IV in the Data Supplement).
Discussion
We determined that hospitals with an FPDR policy had similar rates of ROSC and survival to discharge as hospitals without such a policy, based on data from >200 hospitals in the United States. A lack of statistically significant differences in outcomes across hospitals was also reflected by the similar characteristics of the arrests and the resuscitation efforts within hospitals differing by FPDR policy. Specifically, the resuscitation quality, pharmacological and nonpharmacological interventions were not different between hospitals with and without an FPDR policy. Although there were statistical differences in some facility-reported potential resuscitation systems errors, these did not meaningfully differ between hospitals with and without an FPDR policy. To our knowledge, this is the first large, multicenter study to determine that an FPDR policy does not negatively affect the outcomes and quality of in-hospital resuscitative efforts.
Because its first description in the medical literature nearly 3 decades ago, 32 FPDR has generated considerable debate, and remains a contentious issue worldwide. 13 Support for FPDR is largely based on qualitative and survey investigations that demonstrated a beneficial effect of FPDR on psychological outcomes for families. 2, 6, 32, 33 In response to favorable outcomes among family members witnessing resuscitation, numerous professional guidelines now endorse policies that allow for FPDR. 2, 8, 18, 34 Despite these guidelines, a large proportion of healthcare professionals still oppose it, often citing concerns *P values derived from bivariate regression models using generalized-estimation equations with a robust variance estimate. These models accounted for clustering of patients within hospitals. that families may disrupt the resuscitation efforts in adverse ways and adversely affecting patient safety. 35, 36 Previous studies that explicitly examined the association between FPDR and outcomes have been mixed. In an analysis of simulated resuscitations in an urban emergency department, Fernandez et al 15 demonstrated that FPDR may have a significant effect on physicians' ability to perform critical interventions, as well as resuscitation-based performance outcomes. Specifically, the presence of a witness to resuscitation was associated with longer mean times to defibrillation (2.6 versus 1.7 minutes) and fewer shocks (4.0 versus 6.0). Investigators in France conducted a cluster-randomized trial in the out-of-hospital setting, prospectively evaluating 570 family members present at their relatives' arrests occurring at home. 1 Family members who were randomized to a policy of being explicitly offered the opportunity to observe the arrests (the intervention), as well as those who actually witnessed the arrest, had a significantly lower incidence of self-reported post-traumatic stress-related symptoms 3 months after the resuscitation. Importantly, FPDR did not significantly affect medical personnel efforts or the resuscitation outcomes, including survival, drugs administered, duration of resuscitation, and shocks delivered, although the sample size may have precluded identification of small but important differences.
In our analysis, the exposure of interest was the presence of a hospital policy allowing FPDR rather than actual FPDR. Therefore, our findings are most relevant to hospitals considering developing (or rescinding) a policy for FPDR. In contrast to the simulation study by Fernandez et al, 15 we found no differences in the median number of shocks across hospital FPDR status. Furthermore, we demonstrated a statistically significant, shorter mean time to defibrillation for adult patients in hospitals where families were allowed to be present (2.1 versus 2.4 minutes), although the clinical significance of such a small difference is not clear. In the absence of a pattern of significant differences in other important outcomes across hospitals with an FPDR policy, and given the large number of comparisons, this finding may be spurious in nature. Our results also parallel the nonsignificant differences in secondary outcomes shown from inpatient follow-up from out-ofhospital resuscitations in France. 1 Some might be surprised that an FPDR policy may have no significant effect on resuscitation practice. Indeed, inhospital cardiac arrests differ from arrests that occur in the out-of-hospital setting in several important ways. Compared with out of hospital arrests, in-hospital arrests often occur in acutely ill adults with diverse admission diagnoses and are more likely to be pulseless electric activity or asystole. Perhaps most importantly, in-hospital cardiac arrests often rely on the coordinated efforts of several providers, including physicians, nurses, pharmacists, and trainees, and often occur in space-constrained environments. These factors highlight that in-hospital arrests allow for greater opportunity for FPDR to affect resuscitation safety. For example, if family presence directly or indirectly increases stress or disrupts communication or coordination of efforts among providers during the resuscitative attempt, providers may be more likely to commit errors during resuscitation. Moreover, providers may be compelled to deliver more aggressive and potentially unwanted care in the presence of family members. At the same time, a potential benefit may arise if efforts are ceased when family members change goals of care while witnessing the resuscitation. Although such mechanisms 33, 37 Most authors advise assigning a member of the resuscitation team (eg, nurse, chaplain, social worker, and other provider) to dedicate their role toward helping facilitate FPDR. This would entail (1) identifying if family members are present and informing them about the ongoing resuscitation (if not already at the bedside), (2) assessing whether FPDR is appropriate based on the family's emotional state (eg, not overly grievous, aggressive, or altered) and the resuscitation team being agreeable to FPDR, (3) limiting the number of visitors, (4) preparing the family about what to expect and where to position themselves in the room, and (5) update the family about the specific resuscitation efforts taking place and provide emotional support. Importantly, the facilitator may solicit the surrogate decision maker's input on whether to continue resuscitation efforts.
Our study should be interpreted in the context of several limitations. First, although GWTG-R offers a unique opportunity to study the hospital policy allowing for FPDR, it is a voluntary registry that may not be representative of all hospitals. Second, the limited number of hospitals with an FPDR policy may have lowered our power to detect a potential association between outcomes and a hospital's policy for FPDR. However, the GWTG-R affords the largest registry of FPDR policy data available in the United States. Third, we recognize that many hospitals may interpret and implement the policy for FPDR in different ways. This variation in practice, along with the fact that a policy may only have been recently implemented, may affect the degree to which a hospital integrates families into the resuscitation itself and influence actual mechanics of the resuscitation. Moreover, if FDPR is poorly implemented, this could explain the absence of an effect of FPDR on patient outcomes. Fourth, hospital sites also vary in how they abstract data, and some variables-specifically the facility-reported potential resuscitation systems errors-have a large degree of missing data which challenge the interpretation of inference for these variables. Fifth, the registry is unable to capture whether there was a temporal change in a hospital's policy for FPDR over time. Although a hospital may have added a policy in the data collection, it is unlikely that a hospital would have eliminated a pre-existing policy for FPDR. Finally, our analysis relates to an FPDR policy rather than the actual presence of family members during resuscitation care. As a consequence, we are unable to directly measure the effect of a family at the bedside on an individual resuscitation itself. This makes our study susceptible to the ecological fallacy, 38 and our data should not be interpreted to mean that a lack of a correlation at the hospital-level would hold true for individual patients.
In spite of these limitations, we think our results offer new insight on the potential effect of a policy of FPDR during in-hospital resuscitation, an area where there has been little investigation to date. Overall, no adverse signal involving process and outcomes was detected in this early stage study evaluating hospital FPDR policies. Future efforts should be focused on learning how to augment FPDR in hospitals where FPDR policies do exist, and identifying barriers to implementation of FPDR in hospitals without (and perhaps with) FPDR policies. In this regard, we will be able to truly assess the effect on process and outcomes of actual family presence during in-hospital resuscitation involving adult patients. 
